This paper investigates the correlation between the prosodic properties and pragmatic functions of affirmative constituents in adult-adult interactions in European Portuguese (CORAL corpus). 515 affirmative constituents produced in 460 answers, extracted from 11 dialogues between 12 speakers, were analyzed. Results show that: i) sim 'yes', ok and grunts are the most frequent affirmative constituents; ii) sim 'yes' is associated with all the communicative functions analyzed, agreement, auto positive and confirm, ok tends to occur with agreement, and grunts are mainly associated to auto positive; iii) affirmative constituents have different prosodic properties according to their pragmatic function: agreement and confirm show a similar behavior, being auto positive the most distinct function. Agreement and confirm are commonly uttered with (H+)L* L%, whereas auto positive is commonly uttered with L*+H / (L+)H* H%. When affirmative constituents co-occur in the same answer, there are evidences of tone copying between them. Correlations between constituents were also found in the following parameters: energy, pitch mean, maxima and minima, as well as pitch range. As for context--answer pairs, a pitch concord effect is also found between the pairs instruct-agreement and propositional question-confirm, although expressed in different degrees.
Introduction
This study aims at describing the prosodic properties of affirmative constituents in adult-adult interactions in European Portuguese (EP) map-task dialogues, in order to correlate them with their pragmatic functions.
Affirmative constituents are one of the most frequent structures in spontaneous speech, much due to their role as a mechanism for structuring conversations ( [1] , [2] ). Even though these structures are a topic of growing interest in areas like automatic speech processing, they have not been the object of many studies in EP, unlike what happens, for instance, in English (e.g. [3] , [4] , [5] , [6] , [7] ).
In EP, an affirmative answer can be produced in several ways: (i) with one or more affirmative constituents, like sim 'yes'; with ok or grunts, like humhum; (ii) with the total or partial repetition of the previous utterance; or (iii) with é (the frozen form of the verb ser 'to be'). Moreover, affirmative constituents can also be associated with different communicative functions, being, in some contexts, ambiguous or vague. The same affirmative word can, for instance, signal agreement with what was said previously, or as a backchannel strategy, as a positive reinforcement that the speaker can continue his/her speech, and also as a way to take the floor, to start or to end an utterance (e.g., [8] , [9] , [5] , [9] , [10] ).
The high frequency of affirmative constituents in spontaneous speech, their ambiguity or vagueness and the emerging need to automatically recognize them justifies the need to linguistically characterize these structures in order to find some distinctive properties amongst them. Recent studies showed that both lexical and prosodic cues could help to better describe their properties. Following this line of work (e.g., [4] , [5] , [11] , [12] ), this study also adopts a perspective oriented to the prosodic and discursive analysis of affirmative constituents, considering both the lexical choices made by the speakers, and the properties of the adjacent contexts.
Using the Columbia Game Corpus, [12] showed that, for English, affirmative words with a backchannel function tend to occur with high/rising nuclear contours (L+H* H-H%), and are produced mainly after utterances also with high/rising contours. Affirmative words coded as agreement, on the other hand, tend to occur with the tone H* and the boundary tones L-H% or H-L%. [10] and [13] , using the same corpus, confirmed these evidences, and showed that the acoustic--prosodic contrast between affirmative words lies mainly in its intensity levels and tonal boundary events.
Considering that dialogues are collaborative acts between speakers ( [14] , [15] ), we also analysed the prosodic and pragmatic properties of the adjacent contexts that elicited the affirmative answers. It has been established for English ([4] , [5] , [11] ), and also for EP ( [16] ) that context plays an important role in identifying the communicative function of the answer. In [16] , the authors showed that the prosodic patterns of children's answers in EP dialogues vary according to the pragmatic function of the questions. There were also evidences of correlations between nuclear f 0 levels in question--answer pairs, considered by the authors as a manifestation of pitch concord between speakers. In the work of [6] , [17] , and [18] in dyadic conversations in English, the authors showed that when speakers adapt or entrain their speech with their interlocutor, the dialogue is more natural and more likely to be successful.
Methodology
This study uses the CORAL corpus (ISLRN 499-311-025-331-2) ( [19] , [20] ), comprising 64 dialogs in map-task format between 32 speakers, with a total of 7 hours orthographically Speech Prosody 2016 31 May -3 Jun 2106, Boston, USA transcribed (61k words). All the dialogues are produced between two speakers; one is the giver of information and the other is the follower. The giver's map has a route drawn and some landmarks and his/her task is to provide informations and directions for the follower to reconstruct the same route in his/her incomplete map.
The subset used comprises 11 dialogues between 12 speakers (7 female and 5 male). Their age range was similar. All the speakers play both the roles of giver and follower. We analyzed 515 affirmative constituents, extracted from 460 affirmative answers, corresponding to several linguistic structures, namely: sim 'yes', okay, exacto 'exact', exactamente 'exactly', certo 'certainly', está bem 'that's right', está correcto 'that's correct', pronto, pois; grunts (e.g., humhum); the frozen form of the verb ser 'to be'; and both the repetition of the previous utterance, as well as the repetition of the main or auxiliary verb. These constituents occur as isolated utterances or in the beginning, middle or end of longer utterances. In the corpus analyzed, answers have a maximum of three affirmative constituents. Considering also the cooperative principle of dialogues ( [14] ), as well as the influence of the previous utterance in affirmative answers, we also extracted their adjacent contexts.
Affirmative constituents and contexts were classified as proposed by the Semantic Annotation Framework -Part 2: Dialogue Acts ( [21] , [22] , [23] ), which is being developed as an ISO standard. The affirmative constituents were coded with three communicative functions: agreement (AG) -the speaker accepts the previous utterance as true (1) ; auto positive (AuP) -the signal was well interpreted and the listener is still paying attention (2); and confirm (CONF) -answers to yes-no questions and check questions (3). The adjacent contexts were also classified according to this taxonomy, with the following communicative functions: instruct, propositional questions (Yes-no question), set question (Wh-question), check question (tag question), inform, disconfirm, turn assign, and interaction structuring.
The prosodic annotation of the affirmative constituents and adjacent contexts was done using the ToBI (Tones and Break Indices) system ( [24] ), applying the first proposal Towards a P_ToBI ( [25] ). For each affirmative constituent and adjacent context, we also extracted the following features: energy mean, pitch maxima, minima and range, as well as duration, using the Praat tool [26] . All f 0 values were converted to semitones (ST).
Results

Distributional patterns
Results show that affirmative answers containing the constituent sim 'yes' and variations of sim 'yes', like sim sim 'yes yes' or sim senhor 'yes sir', are the most frequent in the corpus (40%). The majority of these structures (36%) correspond to only one sim 'yes' produced in an isolated utterance. This is also the only affirmative word to be produced by all the speakers. Following this constituent, the most frequent ones are ok (16%) and grunts (10%). Together, sim 'yes', ok and grunts cover 75% of the data analyzed, the remaining constituents being quite residual in the corpus.
As for distributional patterns, the affirmative constituents occur mainly as isolated utterances (62%), but also at the beginning (18%), in the middle (6%), and at the end of longer utterances (14%). This shows that speakers prefer short answers to longer utterances with more than one affirmative constituent or with additional information.
Looking at the communicative functions analyzed, results show that affirmative constituents expressing agreement occur more often (53%) than those interpreted as auto positive (26%) and confirm (21%). These results were expected according to the nature of the corpus. The map-task format implies that one speaker gives informations or instructions about the map, as the interlocutor tends to express agreement with what was said before. Regarding the distribution of the affirmative constituents according to its communicative functions, sim 'yes' is associated with all the functions analyzed (N=204: AG=88; AuP=76; CONF=40); ok tends to occur with agreement (N=84: AG=67; AuP=12; CONF=5); and grunts are mainly associated to auto positive (N=50: AuP=31; AG=12; CONF=7). Affirmative constituents that co-occur in the same answer share communicative functions, which allow us to hypothesize that the pragmatic function does not depend on the position of the constituent, but relies on its context.
As for the contexts that elicit an affirmative answer, we observed three main tendencies: (i) declarative utterances, classified with the communicative functions inform (32%), and instruct (27%), associated with the act of sharing information and giving instructions of what to do next in the map; (ii) interrogative utterances, coded as propositional question and check questions (both with 10%), used by the speakers to elicit information about where to go in the map; and (iii) affirmative constituents, classified as agreement and confirm (both with 7% of occurrences), that elicit also a positive feedback from their interlocutor. The first ones correspond to about 80% of the total of contexts analyzed.
As for the speakers, we found that the role they play influences the production of affirmative words. The same speaker naturally produces more affirmative constituents as follower than as a giver. Moreover, we also found that speakers tend to use the same affirmative constituents despite their role, which can be related with their own personal experiences or style. Thus, results show that there is a greater inter-speaker variation than an intra-speaker one in the selection of affirmative constituents. We did not find any correlation between the choice of affirmative constituents and the gender of the speakers.
Prosodic properties
In our data, the affirmative constituents that occur in the beginning, middle or end of an utterance tend to form an independent prosodic unit. Moreover, in utterances with two affirmative constituents, there are evidences of tone copying between them, as well as of prosodic correlations in the following features: energy (rs=.383, p(one-tailed)<.05), f 0 mean (rs=.815, p(one-tailed)<.01), f 0 max (rs=.780, p(onetailed)<.01), f 0 min (rs=.554, p(one-tailed)<.01), and pitch range (rs=.472, p(one-tailed)<.01).
Looking at the affirmative constituents that occur isolated or turn-initially, results show that the latter are mainly associated with a low/falling nuclear tone (68%), and a low boundary tone (70%). Those that are produced as an isolated utterance present more variation between low/falling (52%) and high/rising (48%) nuclear tone and low (48%) and high (52%) boundary tone. A statistical analysis, namely a Mann--Whitney test, also revealed significant differences between the affirmative constituents in these two positions in the following features: duration (U=18232.5, p<.001), intensity (U=9365, p<.001), f 0 max (U=17403, p<.05) and min (U=18232.5, p<.001), and pitch range (U=17648.5, p<.05). Overall, these results show that, unlike the affirmative words that co-occur in the same utterance, those that are isolated or occur turn-initially have a different prosodic behavior. Therefore, the following prosodic analysis will only focus on the isolated affirmative structures, which account for 320 instances.
The isolated affirmative constituents classified as agreement and confirm are commonly uttered with low/falling nuclear tone (AG: 61%; CONF: 60%) and low boundary tone (AG: 57%; CONF: 53%), specifically (H+)L* L%, whereas those coded as auto positive are commonly uttered with high/rising nuclear tone (64%), and high boundary tone (67%) -L*+H / (L+)H* H%. The auto positive function is also the most distinctive one regarding the mean values of f 0 maxima and minima of the nuclear and boundary tones (Table 1) . Results show that this function has the highest f 0 values in almost all of the features, while agreement and confirm presents the lowest ones.
Table 1. Mean values of prosodic features f 0 max and min of the nuclear tone and boundary tone.
Regarding their acoustic properties, results also show that the three functions differ in varying degrees: (i) between agreement and auto positive, there are statistical significant differences (p<.05) in the features f 0 mean (U=10015.5), max (U=10632.5), and min (U=10559); (ii) between agreement and confirm, there are only significant differences in intensity (U=5388, p<.05), and (iii) between auto positive and confirm, the statistically significant differences (p<.05) are found in the following features: intensity (U=4213.5), f 0 max (U=2666.5), and min (U=2532.5) . These results point out that, even though all functions display a unique prosodic behavior, auto positive is the most distinctive one.
Results also show ( Table 2 ) that words coded as agreement present higher duration, even though they have the lowest values in the remaining features, namely f 0 max, min, and pitch range; those with the auto positive function present the highest values in almost all of the f 0 features, namely, mean, max, and min, and those coded as confirm have the highest intensity values, as well as range. Again, it seems that agreement and confirm are more closely related with each other than with the auto positive function. These results are in line with the findings made by Gravano and colleagues ( [10] , [13] , [27] , [28] ), regarding the analysis of affirmative cue words in English. The authors found that words classified as backchannel (function comparable with auto positive) tend to present a high/rising final contour, while those with the agreement function tend to have a low/falling or plateau final contour. Moreover, we can also establish a comparison with the work of [29] , and [30] . The authors claim that low or plateau boundaries are associated with the notion of closure, which we can find in the agreement function, as high boundary tones are consistent with the notion of openness, a behavior correlated with auto positive.
Affirmative constituent sim 'yes'
Sim 'yes' is the most frequent affirmative constituent in our data, the only one produced by all speakers, and also the only constituent associated with all the communicative functions, being, therefore, the most ambiguous one. In isolated position, it accounts for 136 occurrences, the object of this analysis.
When classified as agreement, sim 'yes' tends to occur with high/rising nuclear tone (69%) and high boundary tone (71%). As auto positive, it presents the same behavior (66%, and 69%, respectively), and as confirm, it shows greater variation, being produced mainly with low/falling nuclear tone (54%) and low boundary tone (54%). Despite these tendencies, we also observe that the acoustic correlates of sim 'yes' vary between the different types of nuclear contours. A Mann-Whitney test showed that this constituent, when produced with a low/falling nuclear tone, presents statistically significant differences (p<.05) between auto positive and agreement -in the features duration (U=232), intensity (U=260), f 0 mean (U=237), max (U=236.5) and min (U=252.5), and f 0 min of the nuclear tone (U=243.5) -between auto positive and confirm -in the features duration (U=66), f 0 mean (U=75), max (U=77) and min (U=61.5), and f 0 min of the nuclear tone (U=60.5) -but not between agreement and confirm. When produced with low boundary tone, there are also statistical differences (p<.05) between the functions auto positive and agreement -intensity (U=217), f 0 mean (U=200), max (U=201,5) and min (U=212.5), and f 0 min of the boundary tone (U=215) -and between auto positive and confirm -duration (U=62), f 0 mean (U=65), max (U=69), min (U=53.5), and f 0 min of the boundary tone (U=47). Again, no statistically significant differences were found between agreement and confirm. As for the high/rising nuclear contours, the same test did not reveal any differences between communicative functions. These results show that sim 'yes' follows the tendencies observed with the remaining affirmative constituents, the auto positive function being the most distinctive one.
Context-answer pairs
Another perspective investigated during this work was the correlation between the most frequent contexts (inform, instruct, check question, and propositional question) and the affirmative constituents of the answer. For this task, we compared the f 0 maxima and minima of the nuclear tone and boundary tone between the context and the affirmative constituent produced in adjacency.
Results show evidences of prosodic correlation between the pairs instruct and agreement -f 0 min of the low/falling nuclear tone (r s =.455, p(one-tailed)<.05), and f 0 min (r s =.465, p(one-tailed)<.05) and max (r s =.595, p(one-tailed)<.01) of the low and high boundary tone, respectively -and the pairs propositional question and confirm -f 0 min of the low/falling nuclear tone (r s =.571, p(one-tailed)<.05). Therefore, the correlation found is strong in the pairs instruct-agreement, less strong between propositional question-confirm, and inexistent in the following pairs: inform-agreement, inform-auto positive, instruct-auto positive, and check question-confirm. These results were expectable given the nature of the data, as the CORAL corpus is characterized by short utterances and sequenced interactions between speakers, where one gives instructions so that the route in the map can be completed and the other signals if they were received or not. The correlations found, even though expressed in different degrees, suggest evidences of pitch concord effects between speakers. In order to verify this entrainment hypothesis, we intend to make a similar analysis between the speakers in the contexts and those in the answer, regarding their f 0 levels, intensity, jitter, shimmer, noise-to-harmonics ratio (NHR), and speaking rate.
We also observed the correlations between context and answer as for their timing patterns. Results show that, in most cases, the affirmative answer is given after a silent pause, after the previous speaker ended his/her turn (N=353). Looking at the duration of these pauses by type of affirmative constituents, results show that, in most cases, the mean of duration is higher after a declarative context than after an interrogative one (Figure 1 ), exception made for the constituents exacto/exactamente 'exact/exactly, verb repetition, and context repetition. With declarative contexts, pauses are longer when the answer starts with the affirmative constituents estar+certo/bem/bom 'to be+right/fine/good and certo 'certainly'. As for the interrogative context, the pauses are longer when the answer is the repetition of the context. A Kruskal-Wallis test showed that these differences are statistically significant (H(10)=29.337, p<.05) in what concerns the types of constituents but no significance was found regarding their communicative functions. On the other hand, there are only 107 occurrences of overlapped speech, and in 50% of these cases the constituent is an agreement.
Based on this preliminary approach, and following the work of [6] , we intend, in a near future, to expand this analysis to include temporal and rhythmic alignment patterns between contexts and affirmative constituents to establish social relations of dominance or accommodation between interlocutors. 
Conclusions
This paper represented our first attempt to describe the acoustic-prosodic behavior of affirmative constituents in EP adult-adult interactions. The results show that affirmative constituents are related with different communicative functions: sim 'yes' is associated with all the functions, ok tends to occur as agreement, and grunts, as auto positive. In line with other works for English ( [4] , [11] , and [5] ), we can also conclude that the lexical selection of affirmative constituents per se is not enough to disambiguate their communicative functions in EP. Moreover, the affirmative constituents show different prosodic patterns according to their pragmatic function: agreement and confirm tend to occur with low/falling nuclear contour, showing significant differences between them in the intensity feature, as auto positive mainly occurs with high/rising nuclear contours, being significantly different from the remaining ones on almost any other features (e.g. f 0 mean, maxima, and minima). We can hypothesize that this behavior is due to the fact that agreement and confirm imply an affirmative interpretation of the message, as in auto positive it is also implied that the speaker does not want to take the floor, rather wants to keep listening.
As for the most frequent affirmative constituent in the data, sim 'yes', it is associated with all the functions analyzed, showing much variation in the nuclear pitch accents and boundary tones with which is produced. There are also regularities in the prosodic behavior of this constituent that allow for the distinction between its functions. The analysis of the context-answer pairs show that there are correlations regarding pitch height between the functions instruct and agreement, on one hand, and propositional question and confirm, on the other, even though they are expressed in different degrees.
This preliminary analysis was aimed at being the baseline for further experiments in affirmative constituents in EP dialogues. With this knowledge of their linguistic and pragmatic properties, it will be possible, in a near future, to include them in automatic spoken dialogue systems. As future work, we also aim at a detailed investigation of the prosodic entrainment or accommodation features between speakers. 
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